Introduction
============

Smartphones and Apps
--------------------

A smartphone is a mobile phone handset with advanced hardware and software capabilities that enable it to perform complex functions \[[@ref1]\]. Consumers can utilize the advanced functionalities of smartphones and download applications (apps) from app stores. These apps are as capable as those that can be run on laptops, and can replace them in most functions, such as Web browsing, document processing, video and music playing, and task management. The smartphones' portability makes apps available to consumers anytime and anywhere, which saves time and offers more privacy and anonymity. Such proximity to the consumer gives the smartphone great potential as a health promotion tool.

By the end of 2012, smartphone ownership accounted for 76% of all mobile phone handsets in Australia \[[@ref2]\], 39% in the United Kingdom \[[@ref3]\], and 55.5% in the United States \[[@ref4]\]. The Android operating system (OS) and Apple OS devices dominate these uptake rates \[[@ref2],[@ref4],[@ref5]\]. However, Android smartphone ownership is almost double that of Apple OS devices in both the United Kingdom and the United States \[[@ref4],[@ref5]\].

App stores are not ordinary Web-based stores. They attract millions of users who seek apps for their smartphones. The largest are the Google Play (previously known as the Android Market) and the Apple App Store. In 2009, after nine months in business, the Apple App Store had uploaded one billion apps to its users \[[@ref6]\]. In 2012, Apple users had downloaded 40 billion apps, up from 15 billion in 2011 \[[@ref7],[@ref8]\]. Android users downloaded 25 billion apps in 2012, up from 10 billion in 2011 \[[@ref9],[@ref10]\]. The app stores also allow the app owner to select which countries they want their app released in, allowing only users in those countries to see the app and download it. This offers an opportunity for researchers to explore the efficiency or effectiveness of health apps in a selected country without contaminating the results from users from other areas of the world. However, the accuracy of such function has never been tested before.

Smartphones and Smoking Cessation Programs Delivery
---------------------------------------------------

The most widely used self-help smoking cessation program delivery method is printed documents \[[@ref11],[@ref12]\]. However, printed self-help materials have disadvantages such as printing costs, limited distribution, lack of interactivity, and are limited in their ability to tailor for individual needs \[[@ref11],[@ref12]\]. By contrast, computerized smoking cessation interventions eliminate printing costs, make updating easier, and can include interactivity and tailored intervention features \[[@ref13],[@ref14]\]. Updating them, however, requires the user to download updates from the Internet, CD, or other computer media. The only advantage of computer-based interventions over Internet-based interventions is that computers do not require an Internet connection. Internet-based smoking cessation interventions have the advantages of anonymous online chat groups, bulletin discussion boards, and email, where health consumers can discuss sensitive personal health issues more comfortably than they can face-to-face in self-help groups \[[@ref15]\].

The smartphone apps bring together the advantages of computer-based and Internet-based smoking cessation interventions. They also overcome their limitations. When there is no Internet connection, the user can still benefit from the computational interactive function and static information in the apps. The apps can host all kinds of multimedia, such as static and interactive rich-text, pictures, audio and video, and get more content when there is an Internet connection, without any user effort. Smartphone apps can also aid interactive self-monitoring by letting users add data about their health in various ways, including question and answer forms, text writing, and audio or video recordings. The apps can process, organize, and graph this self-monitoring data to help users understand their progress. Using this data can help the users in every step of their quitting journey, providing text information about quitting, letting them see how many days they are nicotine-free, providing diaries for their quitting attempts and craving triggers, and sending them reminders and motivational messages.

Dozens of smoking cessation apps are in smartphone stores, some with exaggerated claims of effectiveness \[[@ref16]\]. No studies have yet assessed their uptake or their feasibility to be used as an intervention as well as a research tool. Protocols of randomized controlled trials to examine the effectiveness of smartphone apps to assist smokers in their quitting are emerging. A recent published protocol will examine a health care professional consultation plus smartphone app versus a standard counseling in participants recruited at primary care centers with 6 months follow up \[[@ref17]\]. The study has not mentioned the OS that will be utilized \[[@ref17]\]. Furthermore, another trial protocol by the authors will examine the effectiveness of an interactive smoking cessation self-help app versus standard smoking cessation information (including information about smoking consequences, quitting options, etc) that will be provided via a smartphone app \[[@ref18]\]. The participants will be recruited directly from the Apple app store via one app that after identifying eligibility will randomize the participants to one of the subapps and follow their quitting attempt at 4 time points (10 days, 1 month, 3 months, and 6 months) \[[@ref18]\]. Both studies are examining various ways to utilize smartphone apps in smoking cessation assistance and via different recruitment methods \[[@ref17],[@ref18]\]. Pending the results of these two studies, more information is needed about the actual users of smoking cessation apps to help in customizing future interventions to target these users and to assess the feasibility of using smartphones to collect data. In addition, more information about smoking cessation apps' uptake and users' demographics in different OSs will help future research decide which systems to target.

In 2011, a study analyzed the content of 47 smoking cessation apps in the Apple App Store and found most of them were not evidence-based, particularly the most popular ones. Very few provided information about nicotine replacement or other effective quitting methods \[[@ref16]\]. In addition, harmful prosmoking apps have found their way onto the market. In a recent paper, we identified 107 prosmoking apps; 42 were from the Android Market and downloaded by an average of 11 million users \[[@ref1]\]. Some of those apps claim they can help people quit smoking \[[@ref1]\]. Therefore, efforts are needed to bring evidence-based smoking cessation materials into this new medium.

Very little is known about app users or the ability of app stores to reach smokers. Thus, before examining the effectiveness of smoking cessation apps, we must know as much as we can about their potential users.

This exploratory study examined the feasibility of a free smoking cessation smartphone app developed for this study and published in the Apple App Store and Android Market to reach smokers. The study was designed to: (1) measure and compare the uptake of a smoking cessation app over one year in Australia, the United Kingdom, and the United States; (2) assess the feasibility of the smartphone as a research tool describing respondents' characteristics (demographics, smoking status, and other health related app use); (3) examine differences between respondents from each country; and (4) investigate the association between smoking status and smokers' use of smoking cessation apps.

Methods
=======

Design and Recruitment
----------------------

This is a descriptive, cross-sectional, exploratory study of a convenience sample of adults 18 years and older, passively recruited over one year, who downloaded Quit Advisor (QA) via the app stores. As part of this study, we developed a free smartphone smoking cessation app (QA) and released it in the Apple and Android stores in Australia, the United States, and the United Kingdom in April 2012. Consumers in those stores and countries downloaded the app after viewing the study information and consent. The app page summarized consent information before download and we also included it in the terms of use agreement. We also included the consent form and participant information sheet inside the app "About" section so users can get back to it easily ([Figure 1](#figure1){ref-type="fig"} shows a screenshot of the study app).

![Screenshots of the study app.](mhealth_v2i1e4_fig1){#figure1}

App Design and Data Collection
------------------------------

QA is a smartphone app developed specifically for this study. It contains two major parts: (1) evidence-based information about smoking cessation, and (2) a questionnaire. The questionnaire collected data about demographics, smoking behavior, and nicotine dependency using the Fagerström scale \[[@ref19]\], stage of change \[[@ref20],[@ref21]\], previous use of smoking cessation apps, and general use of health related apps. When the user opened the app for the first time, it extracted the unique device identifier, encrypted it, and registered the user in the study's database. This allowed anonymous data collection, eliminated the need for registration, and prevented duplication, as each device has only one chance of being in our records, even if the user reinstalls the app or the OS. The app's first section, "Home" ([Figure 1](#figure1){ref-type="fig"}), contained information such as health effects of smoking and quitting options collected from recent research and health reports. The average level of the information on the Flesch-Kincaid readability test was 8th grade (age 14). Any time the user opened a category, the app sent the time and date of each view to the Web-based database as soon as an Internet connection was available. At the end of each category there was: (1) a reference list, and (2) an optional Likert-scale question to rate the motivational effect of the provided information in each category. In the second section, "My Score" ([Figure 1](#figure1){ref-type="fig"}), users completed the questionnaire. After submitting it, they received feedback about their nicotine dependency. Answers automatically went to the study's database. Participants could only submit the questionnaire once, even if they deleted and reinstalled the app. Participants could not submit the questionnaire without completing all questions. The app was pretested by a group of users in various situations to assure the accuracy of the transferred data, and to test the other app functions such as country detection. In addition, to minimize the possibility of some users installing the app on more than one device, we have implemented a server-side Internet Protocol (IP) monitoring that can identify the users that use different devices connected to the same Internet network at similar times. Although this function was pretested successfully, no cases were identified during the data collection. Finally, because the app stores accuracy of limiting the app to specific countries is unknown, we have implemented a location identification function to know the users country the first time they open the app.

Analysis
--------

Descriptive analysis was used to assess the uptake of the app and the characteristics of the users' ratings of the information categories. Bivariate analysis (chi-square and one way analysis of variance) helped examine the differences between countries in terms of user characteristics. Logistic regression controlling for demographics (age, gender, country, and education level) was used to investigate variables related to prior use of smoking cessation apps and the effect of app type on quit attempts.

Results
=======

Uptake
------

[Figure 2](#figure2){ref-type="fig"} shows, in one year, 1751 users downloaded the app from both stores, 72.98% (1278/1751) from the Apple Store and 27.01% (473/1751) from the Android Market. Of those 1751, 47.68% (835/1751) were from the United States, 29.18% (511/1751) from the United Kingdom, 16.68% (292/1751) from Australia, and 6.45% (113/1751) from other countries. The lowest Android download rate was in Australia at 9.7% (46/473), compared with 19.25% (246/1278) for Apple OS. After excluding users who submitted the questionnaire from other countries, 602 had submitted it, with an overall response rate of 36.75% (602/1638). The highest response rate was 44.8% (131/292), from Australia.

Participants\' Characteristics
------------------------------

Of those 602 who submitted the questionnaire, 50.0% (301/602) were from the United States, 28.2% (170/602) from the United Kingdom, and 21.8% (131/602) from Australia. The majority of participants 76.4% (460/602) were using Apple devices. The participants' mean age was 32 and the median 31 years (18-67). Female participants outnumbered males by 17.6% (106/602). The most common level of education reported was "High School." A chi-squared (χ^2^) test showed a significant education-level difference between countries ([Table 1](#table1){ref-type="table"}). Countries differed significantly in gender distribution, with women only outnumbering men in the United States. After assuring the homogeneity of variance a one-way analysis of variance revealed no significant differences between countries in terms of age--*F* ~2,601~= 2.6, *P*=.07. Furthermore, there were no significant differences between countries in term of language spoken at home and OS used.

Smoking Status
--------------

The Fagerström scale puts 44.5% (268/602) of the participants at a low or very low nicotine dependency, and 55.5% (334/602) at a medium to very high nicotine dependency ([Table 1](#table1){ref-type="table"}). After assuring the homogeneity of variance, a one-way analysis of variance revealed significant national differences in nicotine dependency scores, *F* ~2,601~=4.4, *P*=.01. Post hoc comparisons using Tukey's HSD test indicated that the mean score for Australia (mean 5.4, SD=2.4) was significantly higher than that of the United States (mean 4.6, SD=2.4). UK participants (mean 4.7, SD=2.7) did not differ significantly from either Australian or US participants.

Most participants 77.2% (465/602) were willing to quit in the next 30 days (preparation stage of change), and most of them 67.6% (407/602) had attempted to quit at least once in the previous year. A quitting attempt was defined as one that had lasted at least 24 hours. There was a significant difference between countries in terms of willingness to quit, but none in terms of previous quitting attempts.

There were 88.7% (401/452) of participants that had not contacted the "Quitline" services in their countries in the last year, with no significant variation between countries χ^2^=0.7, *P*=.71. Moreover, 71.7% (324/452) of participants had not contacted their health care professionals regarding quitting in the last year. However, here there was a significant variation χ^2^=7.9, *P*=.019, with 38% (36/93) of Australian participants contacting health professionals compared to 30.0% (36/120) in the United Kingdom, and 23.4% (56/239) in the United States.

There were 54.5% (328/602) of the participants that had used smoking cessation apps in the past, and the majority 75.6% (248/328) had made a quitting attempt that lasted at least 24 hours using an app. There were no significant differences between countries in terms of using smoking cessation apps in the past and making quitting attempts using those apps. There were 33.0% (82/248) of those who made quitting attempts using an app that had lasted more than one week abstaining from smoking.

Three or more quit attempts in the past year were associated with previous smoking cessation app use (OR 3.3, 95% CI 2.1-5.2). There was a suggestion of a dose-response relationship between the number of quit attempts and smoking cessation app use with two or more attempts also being associated (OR 2.9, 95% CI 11.8-4.7). In addition, difficulty to refrain from smoking in banned areas was associated with the likelihood of the participants trying smoking cessation apps (OR 1.5, 95% CI 1.0-2.1).

"Smoking counter" apps were the most frequently used, followed by "motivation" apps ([Table 2](#table2){ref-type="table"}). We have investigated if the use of any of these app types was associated with quitting attempts, controlling for age, gender, country, and education level. To do this, we asked users if they have used smoking cessation apps previously, what type of apps they have used, and if they tried to quit using these apps. We found an association between "smoking counter" apps and participants quitting attempts in the past (OR 2.2, 95% CI 1.2-3.6).

![Flowchart of the recruitment process. The percentages were rounded up to the nearest whole.](mhealth_v2i1e4_fig2){#figure2}

###### 

Participants' characteristics by country (n=602).

  ------------------------------------------------------------------------------------------------------------------------------------------------------------
  \                                                 Country                                       Total          χ^2^ (*P*)                                
  ------------------------------------------------- --------------------------------------------- -------------- ------------- ------------- ------------- ---
  Age, mean (SD) (years)                            33.2 (9.4)                                    30.8 (9.9)     32.6 (10.2)   32.2 (9.9)    \-            

  **Sex**\                                          \                                             \                                                        
                                                    \                                             \                                                        
                                                    \                                             \                                                        
                                                    \                                             30.4 (.001)\                                             
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        

  \                                                 Female                                        65 (49.6)\     79 (46.5)\    210 (69.8)    354 (58.8)\   \
                                                                                                  \              \                           \             

  \                                                 Male                                          66 (50.4)      91 (53.5)     91 (30.2)     248 (41.2)    \

  **Education**                                     \                                             \                                                        
                                                    \                                             \                                                        
                                                    \                                             \                                                        
                                                    \                                             \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  28.7 (.001)                                              

  \                                                 High school                                   73 (55.7)\     67 (39.4)\    161 (53.5)\   301 (50.0)\   \
                                                                                                  \              \             \             \             

  \                                                 Diploma/Associate                             12 (9.2)\      33 (19.4)\    57 (18.9)\    102 (16.9)    \
                                                                                                  \              \             \                           

  \                                                 Graduate (Bachelor)                           21 (16)        25 (14)\      32 (10)       78 (13)\      \
                                                                                                                 \                           \             

  \                                                 Master Degree or higher                       5 (3)\         5 (2)\        19 (6)\       29 (4)\       \
                                                                                                  \              \             \             \             

  \                                                 Others                                        20 (15)        40 (23)       32 (10)       92 (15)       \

  **Language spoken at home**                       \                                             \              \             \             \             
                                                                                                                                             \             
                                                                                                                                             \             
                                                                                                                                             5.5 (.64)     

  \                                                 English                                       117 (89.3)\    157 (92.4)    287 (95.3)    561 (93.2)    
                                                                                                  \                                                        

  \                                                 Others (14 Languages)                         14 (10)\       13 (7)        14 (4)        41 (6)        
                                                                                                  \                                                        

  **OS**                                            \                                             \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  3.7 (.15)                                                

  \                                                 Apple                                         105 (80.2)\    135 (79.4)\   220 (73.1)\   460 (76.4)\   \
                                                                                                  \              \             \             \             

  \                                                 Android                                       26 (19.8)      35 (20.6)     81 (26.9)     142 (23.6)    \

  **Nicotine dependency (Fagerström)**              \                                             \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  20.9 (.009)                                              

  \                                                 Very low (0-2)                                21 (16.0)      39 (22.9)     64 (21.3)     124 (20.6)\   \
                                                                                                                                             \             

  \                                                 Low (3-4)                                     23 (17.6)      39 (22.9)     82 (27.2)     144 (23.9)    \

  \                                                 Medium (5)                                    17 (13)        28 (16)       39 (13)       84 (14)       \

  \                                                 High (6-7)                                    43 (32.8)      31 (18.2)     82 (27.2)     156 (25.9)    \

  \                                                 Very high (8-10)                              27 (20)        33 (19)       34 (11)       94 (15)       \

  **Stage of change**                               \                                             \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  11.2 (.02)                                               

  \                                                 Next 30 days (preparation)                    93 (71.0)\     125 (73.5)\   247 (82.1)\   465 (77.2)\   \
                                                                                                  \              \             \             \             

  \                                                 Next 6 months (contemplation)                 28 (21.4)      31 (18.2)\    45 (15.0)\    104 (17.3)\   \
                                                                                                                 \             \             \             

  \                                                 Not thinking of quitting (precontemplation)   10 (7)         14 (8)        9 (3)         33 (5)        \

  **Number of quitting attempts last year**         \                                             \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  4.9 (.55)                                                

  \                                                 1 time                                        35 (26.7)      33 (19.4)     56 (18.6)     124 (20.6)    

  \                                                 2 times                                       21 (16.0)      36 (21.2)     66 (21.9)     123 (20.4)    

  \                                                 3 or more                                     32 (24.4)      46 (27.1)     82 (27.2)     160 (26.6)    

  \                                                 Never                                         43 (32.8)      55 (32.4)     97 (32.2)     195 (32.4)    

  **Used smoking cessation apps before?**           \                                             \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  1.4 (.48)                                                

  \                                                 Yes                                           77 (58.8)      93 (54.7)     158 (52.5)    328 (54.5)    

  \                                                 No                                            54 (41.2)      77 (45.3)     143 (47.5)    274 (45.5)    

  **Made quitting attempt using an app? (n=328)**   \                                             \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  \                                                        
                                                                                                  1.0 (.60)                                                

  \                                                 Yes                                           56 (46.2)      74 (79.5)     118 (74.6)    248 (75.6)    

  \                                                 No                                            21 (53)        19 (20)       40 (25)       80 (24)       
  ------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Number of participants who have used any type of smoking cessation apps in the past.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------
  \                                                                             \                                   Made quitting attempt               
  ----------------------------------------------------------------------------- ----------------------------------- ----------------------- ----------- ------------
  Type of smoking cessation app                                                 Used by number of participants^a^   Yes n (%)               No n (%)    χ^2^ (*P*)

  Smoking counters (eg, count smoke free days or number of smoked cigarattes)   174                                 143 (82.2)              31 (17.8)   7.9 (.005)

  Motivation (provide motivational messages)                                    113                                 86 (76.1)               27 (23.9)   0.0 (.99)

  Text information (provide text info about smoking cessation)                  76                                  59 (77)                 17 (22)     0.1 (.75)

  Combination of different types                                                68                                  46 (67)                 22 (32)     2.4 (.12)

  Hypnosis                                                                      51                                  42 (82)                 9 (17)      1.0 (.29)
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^Some participants have used more than one app.

Participants\' Use of Other Health Related Apps
-----------------------------------------------

Half of our respondents 50.2% (302/602) had used other health related apps in the past. Of these, 89.4% (270/302) were using health related apps at least weekly and 21.2% (64/302) daily. Participants were asked--"Have you ever checked the credibility of the developer or publisher of the health apps that you are currently using?", and we found that 77.5% (234/302) of them had never checked and there was no difference by country (χ^2^=0.3, *P*=.86). Of those who had used health related apps in the past, 51.9% (157/302) used "Diet and Weight Management" apps, followed by 36.4% (110/302) "Training and Physical Activity," 31.7% (96/302) "Health and Medication Information," 23.2% (70/302) "Pregnancy and Ovulation Calculators and Calendars," and 19.5% (59/302) "Medication Intake Reminder." Very few participants had used "Diabetes Management" and "Asthma Control or Management" apps, 4.3% (13/302) and 3.3% (10/302) respectively.

Information Ratings
-------------------

Few app users rated the information, with most rating only some sections. "Smoking Consequences" information received ratings from 105 participants; with 75.2% (79/105) agreeing it had motivated them to quit. "Quitting Assistance Options" received 93 ratings; with 54% (51/93) agreeing it motivated them to quit, and 8% (8/93) disagreeing. "Myth Busting" also received 93 ratings, 64% (60/93) agreeing and 10% (10/93) disagreeing. "Before Quitting" received 87 ratings, with 70% (61/87) agreeing, "After Quitting" received 85, with 89% (76/85) agreeing. "After Quitting" and "Smoking Consequences" received the most positive responses, while "Quitting Assistance Options" received the least. However, the average number of times participants looked at any information category was 5.4, with no significant differences by country (χ^2^, *P*=.85). Chi-square analysis revealed a significant difference in stage of change between participants who looked at the five information categories, and those who did not (*P*=.03). Further logistic regression analysis controlling for age, gender, education, country, and time of recruitment showed that being in the "Preparation stage" or "Willing to quit in the next 30 days" were associated with looking at all the information (OR 1.7, 95% CI 1.1-2.7).

Discussion
==========

Results Summary
---------------

In this study, 1638 participants from Australia, the United Kingdom, and the United States downloaded a free smoking cessation app over a 1-year period, and 36.75% (602/1638) of them completed an in-app questionnaire. The majority of respondents 77.2% (465/602) were willing to quit within the next 30 days, and 67.6% (407/602) have tried to quit at least once in the past year. Almost half had used smoking cessation apps in the past, and most had never checked the credibility of their health apps' publisher. Most respondents never sought "Quitline" help 88.7% (401/452), or health care professional help 71.7% (324/452) in the last 12 months. Those who tried to quit twice or more in the last year, and those who find it difficult to refrain from smoking in banned areas, were more likely users of smoking cessation apps in the past.

Number of App Downloads
-----------------------

In this study, we have examined the app uptake naturally without external promotion, and this may explain the small number of downloads over one year. In addition, the fact that smoking prevalence in the included countries varies from 15% to 20% with the lowest in Australia 15% \[[@ref22]\] and highest in the United Kingdom 20% \[[@ref23]\]. Therefore, the app downloads might be affected by the country population, prevalence of the condition, and the smartphone uptake in each country. Moreover, apps can also be affected by the app store rankings (where the apps are ranked higher), resulting in more exposure, and consequently more downloads \[[@ref24]\].

Although the ownership of Android OS devices is twice that of Apple devices, the uptake of this study app was more than 2 times less in the Android Market over the 12-month period. Another study reported a low uptake of Android apps in the United States, where only 45 participants downloaded the study app during 2 months \[[@ref25]\]. Interestingly, the study reported that more than 100 email messages and phone calls were received from Apple users showing interest in downloading the app whenever it was available in the Apple App Store \[[@ref25]\]. Thus, even though Android OS users are double the Apple OS users, due to the fact that some Android devices are very inexpensive compared to Apple devices, we assume that some Android users are not recognizing it as a smartphone and are therefore not interested in apps, or maybe they do recognize it, but just do not have a need for the apps.

A number of users from other countries have been able to download the app at 6.8% (32/473) in the Android Market and 5.56% (71/1278) in the Apple store. Future studies should not take the app store function of limiting the app to a specific country for granted, and they may have to implement extra functions in the app to validate if the users are actually from the countries of interest, for example, a location identification service to know the users' country the first time they open the app (as was used in this study). The ability of users from countries outside of this study to download this study app might be due to their using app store accounts registered for one of the countries of interest, or some other users might be using a proxy Internet connection that uses an IP of one of the countries of interest in this study.

This study app was able to reach smokers in the countries included in this study. Participants were similar in age and number of previous quitting attempts, and most sought smoking cessation help only in this new medium and not from professionals. This might be due to the app's easier accessibility, privacy, anonymity, and portability. However, the documented low quality of smoking cessation apps, exaggerated claims of effectiveness, and the large number of prosmoking apps that claim smoking cessation, all help decrease these apps' usefulness and lead to failed quitting attempts. Although there were almost 75.6% (248/328) of participants who had tried smoking cessation apps in the past to quit for good, only 33.0% (82/248) abstained for more than one week, which might reflect the available apps' low quality.

Number of Smoking Cessation Attempts
------------------------------------

Previous quit attempts were associated with a two-fold increase in the use of smoking tracking cessation apps. Investigators have not yet explored the reasons for this. However, it might be due to design, popularity, or smartphones' constant proximity, letting users monitor their progress anywhere and anytime \[[@ref26]\], reinforcing tracking's already documented effectiveness \[[@ref27]-[@ref29]\].

A three-fold increase in smoking cessation app use was associated with three or more quit attempts in the previous year. This might be due to the documented positive relationship between motivation to quit and number of quitting attempts \[[@ref30],[@ref31]\], and the number of previous quitting attempts as an independent predictor of making a new quitting attempt \[[@ref32]\]. In addition, respondents who found difficulty in refraining from smoking in banned areas were approximately twice as likely to try smoking cessation apps. This finding is consistent with other studies that found that smokers who lived or worked under a smoking ban were more likely to report quitting attempts \[[@ref33],[@ref34]\].

Previous Health Apps Use
------------------------

There were 50.2% (302/602) of participants that used health related apps in the past, and of those, about 89.4% (270/302) used them at least weekly, but 77.5% (234/302) never checked the credibility of the health app publisher. Although we have not provided a specific definition of app "credibility" and relied on the users' self-definition, this still poses a problem since many studies indicate low reliability and quality in all health related apps covering such topics as smoking \[[@ref1],[@ref16]\], asthma \[[@ref35]\], cancer \[[@ref36]\], and pain management \[[@ref37]\]. Thus, there is a need for better, evidence-based health apps, and more information about the quality of the current ones. App stores might also cooperate with public health institutions and researchers to improve the quality of health related apps and their reach.

Response Rate
-------------

The feasibility of using smartphones as a research tool shows some promise with an unprompted response rate of 36.75% (602/1638) to our in-app questionnaire, and response rates as high as 44.9% (131/292) in Australia, and as low as 33.3% (170/511) in the United Kingdom. However, the response rate for rating the page content was very low and may be due to the fact that the page rating did not provide the users with feedback as was done in the questionnaire. A recent study explored using personalized feedback as incentive to increase compliance in Web-based questionnaires \[[@ref38]\]. In addition, the variation in the rating responses may be due to the design of the rating process, as we have included the rating of each information page at the end of it. Asking the participants to rate all the pages at once after reading them all at once may eliminate the response variation problem.

Study Limitations
-----------------

This study also examined the feasibility of a new research recruitment methodology. There are no data available to adjust the nonrespondents or self-selection bias for such a study. Moreover, one of the limitations of this study cross-sectional methodology is the inability to identify the nonrespondents characteristics. Although the sampling method of this exploratory feasibility study was limited by selection bias, it provides for the first time to our knowledge, some useful data to suggest that smoking cessation apps are being used by people who want to quit and may also be a feasible tool for smoking cessation support and evaluation. Future studies could increase the response rate by implementing a reminder function in the app or use the push-notification services.

Conclusions
-----------

This exploratory feasibility study shows that smartphone apps are a promising medium to reach smokers in Australia, the United Kingdom, and the United States. The countries differed little in some demographics and smoking status. Current smokers from the three countries, mostly ready to quit in the near future, but eschewing professional help, have downloaded smoking cessation apps in the past and tried using them to quit; however, the low quality of apps in the field undermines these efforts. Thus, this study has shown that smartphone smoking cessation apps can reach smokers across multiple nations. This paper has also shed some light on participants' use of other health related apps and identified an alarming trend of consumers using health apps without knowing the credibility of its publishers.
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apps
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:   Internet Protocol
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:   operating system
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